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O¨zel, in a recent reanalysis of EXO 0748-676 observational data, concluded that
quark matter probably does not exist in the center of neutron stars [1]. However, her
analysis only considered relatively old equations of state for quark matter. In this com-
ment we compare the observational limits with more recent calculations of the possible
structure of quark and hybrid stars.
O¨zel’s analysis leads to lower-limit values on the massM = 2.1±0.28M⊙ and radius
R = 13.8± 1.8 km. These are shown in Figure 1, along with M-R relations for various
quark matter and nuclear matter equations of state. O¨zel assumes that ruling out soft
equations of state means ruling out quark matter, but overlooks the fact that, because of
finite-density QCD corrections and color-superconducting gaps, quark matter can be as
stiff as nuclear matter. This has been shown using the MIT bag model [2], perturbative
corrections to QCD [3], and the Nambu–Jona-Lasinio model [4]. Thus, as the figure
illustrates, O¨zel’s values are actually compatible with nucleonic, hybrid and quark stars.
Cooling measurements provide additional constraints, but current temperature ob-
servations do not exclude quark matter: a recent analysis [5] indicates that the measured
temperatures of compact objects are compatible with the presence of color supercon-
ducting quark matter. It is interesting to note that O¨zel’s central value, M = 2.1M⊙
and R = 13.8 km, requires an extremely stiff equation of state (stiffer than standard
nucleonic equations of state such as APR [6]), and a recent analysis by Kla¨hn et. al. [7]
indicates that such stiff nucleonic equations of state tend to result in excessively fast
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cooling due to the onset of direct Urca processes already for stars in the typical mass
range of binary radio pulsars. This can be seen as an argument in favor of hybrid stars
with color superconducting quark matter cores, which do not have this problem [5].
In conclusion, O¨zel’s analysis can be used to put constraints on the parameters of
the quark matter equation of state, but it does not rule out the presence of deconfined
quarks in compact stars.
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Figure 1: The constraint onM and R from O¨zel’s analysis of EXO 0748-676 [1] (we show
one and two sigma error bars), and the calculated M-R curve for various quark matter
and nuclear matter equations of state. These include pure nuclear matter described
by the DBHF (relativistic Dirac-Brueckner-Hartree-Fock [8]) equation of state [7]; a
hybrid star with a core of 2SC quark matter (a two-flavor color-superconducting phase
in which only the up and down quarks form Cooper pairs [9]) and a mantle of DBHF
nuclear matter [5]; a hybrid star with a core of 2SC quark matter and mantle of HHJ
nuclear matter (APR with high-density causality corrections [10]) [5]; a hybrid star
whose core is a mixed phase of APR nuclear matter (based on the Argonne v18 two-
nucleon interaction with variational chain summation [11]) and CFL quark matter (the
“color-flavor-locked” color-superconducting phase in which all three colors and flavors
undergo Cooper pairing [12]) [2]; and a pure quark matter star using an equation of
state with O(α2
s
) QCD corrections [3]. It is clear that the presence of quark matter is
not excluded by the EXO 0748-676 results.
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